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Abstract 
 
This paper deals with a new mode of production of prototype castings by the method of Patternless Process and a device for production of 
moulds used in the method of patternless process. The principle of the Patternless Process method consists in creating a 3D model in the 
CAD system and subsequent milling to form a casting from the block of moulding sands without using of pattern equipment by using a 
CNC machine tool. This method markedly reduces the time needed to produce the casting, because this method does not need the 
production of pattern. The paper deals with selecting a machine for production of prototype castings by Patternless Proccess and a detailed 
description of a  device to be used for making moulds. The paper describes in detail the design of the device and individual components 
needed in the construction of the machine.  
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1. Introduction 
 
The success of all companies in the foundry industry lies in a 
constant improvement of produced products. An important factor 
is  to  introduce  a new  product  to  the  market  sooner  than 
competitive companies. A producer needs a device adapted to the 
technology  that  could  produce  castings.  The  value  of  pattern 
equipment is several times higher than the market price of the 
final product and the return at the piece production takes years.  
Before every introduction into service are produced prototype 
castings.  These  prototype  castings  are  used  to  verify  the 
operation, form evaluation, error elimination or on presentation. 
They are also used to carry out endurance tests. It is logical that 
the economy measures in the companies are mainly oriented on 
model equipment and tools necessary for production of castings. 
The models are mainly produced by hand or machining on CNC 
machines.  
Gradually, new methods appeared on the market, which did 
not require a pattern equipment. One of them is the Patternless 
Process  method.  This  method  significantly  reduces  the  time 
needed to produce the castings. In the production of castings by 
the Patternless Process method we do not need pattern equipment 
and  the  cost  of  production  and  storage  facilities  for  pattern 
equipments are also eliminated. The final cost price of one cast 
using  this  method  is  thus  significantly  lower  and  less  time 
consuming  than  the  production  using  traditional  methods  of 
production of castings. 
In the production of castings are used several types of CNC 
machine devices, which differ mainly in the supporting structure 
and the size of working area. In our case we have chosen a portal 
supporting  structure,  on  the  sides  of  which  move  two  mobile 
stands  secured  by  travelling  straight  lines,  which  provide  the 
movement  in  the  x-axis.  There  is  a  lead  to  ensure  a linear 
displacement in the y-axis on them. On this part of the machine 
there is installed a spindle with router which provides movement 
in the z-axis. 
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2. Patternless Process  
 
The principle of the method lies in fact that the shape of the 
cast is milled from the moulding compounds block without the 
use of pattern equipment. First, the 3D CAD program generates 
a proposal  mould,  the  entire  structure  including  casting  inlet 
system and feeds. Subsequently, this proposal transfers data to 
program CNC machine tools, which mills the parts if the form 
into a desired shape. Special 5-axis milling cutters are used on the 
milling  process.  The  milled  moulding  sand  is  immediately 
drained.  
When milling it is very important to select the tool speed and 
feed rate, which influences the resulting surface roughness of the 
mould. We may use one type of the tool, or two types of the tools, 
one for roughing and the other one for finishing. For finishing 
milling operation are used higher speeds than for the roughing. 
Fig.  1  shows  the  technical  principle  of  Patternless  Process  on 
CNC.  
 
 
Fig. 1. Technical principle of patternless process on CNC 
 
The method was developed in 1998 by Castings Technology 
International in Sheffield in the UK. The company developed this 
method within the contract for the Greek  National Army and 
used it to manufacture high precision castings (screw-propellers) 
for three ships Super Vitatype with cruise missiles. Within the 
development  programme  it  was  very  important  to  define  the 
parameters  of  the  CNC  machine,  which  would  meet  the 
requirements  for  milling  quartz  moulding  sands,  or  corundum  
moulding  sands.  The  machine  was  manufactured by  an  Italian 
company CMS, which is now the main producer of machinery for 
milling of moulding sands and one of the largest manufactures of 
CNC  machining  centres  in  the  world.  The  patternless  process 
method  has  been  gradually  used  in  other  countries  such  as 
Germany, Sweden and the Czech Republic. 
Using  the  direct  moulding  technologies  it  is  possible  to 
produce  a  large  range  of  castings  weighing  up  to  200  tons.  
Typical areas for the use of this method are the prototypes of all 
kinds, lathe-beds, as well as stands for special machines, beds for 
drives,  pumps  and  valves  and  various  components  for  the 
production  of  machine  devices.  The  biggest  financial  savings 
through  production  technology  Patternless  Process  can  be 
achieved when producing large and very large castings. In fig. 2 
there  is  a  visible  difference  in  the  cost  of  one  casting  using 
Patternless Process method and the classical method.   
 
Fig. 2. Cost advantages in using Patternless Process and the 
classical method 
 
In  the  production  of  castings  using  the  Patternless  Process 
method the cavity of the mould is milled to the hardened block of 
moulding  sand.  Two  milled  halves  of  the  mould  are  joined 
together and the liquid metal is cast to the created mould as to the 
mould created in a traditional way.  
When  selecting  the  moulding  sand  we  must  take  into 
consideration various factors such as effect of  gases and other 
influences  that  influence  the  mould  cavity  during  filling  with 
liquid metal, as well as during the solidification and cooling of the 
casting  form.  It  is  also  necessary  to  take  into  account  the 
mechanical properties of  moulding sands.  
The crucial properties of a condensed  moulding sand during 
the mould filling with the liquid metal are strength characteristics, 
permeability  and the quantity of escaping gas.  
The mechanical strength of the mould and core determines 
resistance to dynamic and static stress in the liquid metal when 
filling the mould, but also during crystallization of the metal. It is 
important that the strength of the mould was such as to prevent 
secondary condense of the moulding sands and thereby reducing 
the dimensional and shape precision of the casting.  
The method of Patternless  Process uses  moulding sands of 
II. generation, such as moulding sands containing synthetic resins 
like furan moulding sands, phenol formaldehyde moulding sands, 
etc.  
The surface  of  the  created  mould  cavity    is  coated  by  the 
substances preventing the penetration, i.e. invasion of the metal 
between the grains of opening material and which are hindered 
creation burning-ins. They can exist in the form of coats, pastes or 
dusts, applied to the mould cavity. The basic component of these 
coatings  is  quartz  and  zirconium  powder,  chromite,  chrome-
magnezite, etc.  
For castings from cast-iron it is a graphite or talc. After the 
treatment of the mould cavity with protective coatings, we can put 
the mould together and we can pour into it.  
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3. A milling device proposition for the 
production of the moulds by Patternless 
Process Method 
 
3.1. Selection of construction type 
 
When selecting  constructions which are usually built, there 
are two preferred types: 
  milling  machines  with  a  mobile  portal  and  a  stationary 
working table,  
  milling  machines  with  a  stationary  portal  and  a  mobile 
working table.  
For our proposed device a portal construction with a mobile 
portal and stationary working table was chosen. This construction 
is used for about 95 % of CNC machining centres. This design is 
advantageous because the total size of the produced parts can be 
virtually  unlimited.  The  design  of  the  milling  machine  with  a 
mobile portal and a stationary working table can be very different. 
CNC  milling  machines  can  also  be  constructed  from  different 
materials. They may be made from plastic, aluminium or steel. 
We have decided to use aluminium profile, because of its better 
mechanical properties, better workability and the possibility of 
using a slotted system when assembling the construction. 
The aluminium profiles are used in three sizes, 80x80 mm, 
80x40 mm and 40x40 mm. The profiles are shown in the Fig. 3.  
 
    
 
a)                                                b) 
 
c) 
Fig. 3. Aluminium profiles used in the construction of a CNC 
milling device 
a) profile 80x40mm, b)profile 80x80mm,  c) profile 40x40 mm 
 
A portal CNC milling machine consists of a structural part, on 
the sides  of  which  move  two  mobile  stands secured  by  linear 
bearings  which  ensure  the  movement  in  the  x-axis.  There  is 
installed a linear bearing providing the  movement in the y-axis 
on it. On this part of the machine there is a router which provides 
the movement in the z-axis.  
The design of the portal construction allows the high strength, 
which results in high working accuracy. The construction allows 
the  use  of    a  moulding  frame  as  a part  of  a  construction and 
thereby  increasing  the  rigidity  of  the  whole  system.    The 
moulding frame will also blunt the vibration during machining. 
The estimated precision of  machining of the mould cavity is in 
the  range  ±  0,05  mm.  The  size  of  the  machining  area  is 
800x800mm and the height is 250 mm. The construction of the 
proposed device shown is in Fig. 4.  
 
 
Fig. 4. Construction of CNC milling machine 
 
3.2. Forces affecting the spindle 
 
Since we need the CNC milling machine to be stable, we need 
to know the forces that effect it. This will prevent excess stress 
and strain on the bearings, lead screw, engine, etc. In the Fig. 5 
and Fig. 6 are the forces which effect the construction in the z-
axis.  
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Fig. 5. Forces on the Z- Axis Assembly 
 
Identification of the factors effecting the machine: 
  D1 = 170 mm - the vertical distance between the upper and 
lower Y-axis linear bearing rods/rails.  
  D2 = 128 mm - the vertical distance between the upper and 
lower sets of Z-axis linear bearings.  
  D3 = 415 - mm the length of the spindle attachment plunge 
arm.  
  D4 = 151 - mm the width of the Z-axis assembly.  
  D5 = 126 - mm the horizontal distance between the Z-axis 
linear bearing rods/rails.  
  D6 =  28 mm - the thickness of the plunge arm  
  D7  =  435  mm  -  the  distance  between  the  cutting  force 
(approx. tip of the cutting tool) and 1/2 D2.  
 
If  the  distance  between  D5  and  D2  increases  in  length,  the 
resulting  forces  decrease.  It  is  also  necessary  to  maximize  the 
distance of D1 and D4 and thus to reduce the forces due to torque 
caused by the cutting force in the X-axis. The cutting force creates 
a moment, which is illustrated in the image above as Moment A 
 
A = D7 x Cutting force 
 
Moment  A  results in  forces  that  are applied  to  the  Z-axis 
linear bearing rails/rods and the Z-axis linear bearings themselves. 
It is on the Fig. 6 (yellow arrows) 
 
 
Fig. 6. Forces on the Z- Axis Assembly (Front view) 
 
The cutting force necessary for machining the moulding sand 
is  chosen  in  the  range  200  N  (wood)  to  1000  N  (steel),  we 
consider  the  calculation  700N.  The  maximum    torque  for  our 
construction  is  305  N.m-1.  Based  on  the  forces  effecting  the 
spindle (static torque and the equivalent static load) the values of 
static, dynamic load and life of linear systems were determined.  
 
3.3. Linear systems 
 
The linear motion systems play a vital role in any linear CNC 
machine,  and  CNC  routers  are  no  exception.  Without  these 
systems a CNC router would be of little use. 
The linear motion systems are responsible for three primary 
tasks: 
  to support machine components, 
  to guide the machine in a precise linear motion with minimal 
friction, 
  to support secondary loads (torque, lateral loads, etc.). 
A linear motion system is composed of some type of linear 
bearing and the linear bearing guides. There is an array of types of 
bearings  and  guides,  all  of  which  have  some  advantages  and 
disadvantages. A complete linear motion system is a combination 
of a drive system and linear bearing system, which must keep the 
forces on the spindle and provide a precise linear motion with 
minimal friction.  
The  selected  linear  motion  system  contains  four  spheroid 
nodular  circulating  road  with  optimized  arcs  circulating  road 
which  ensures  a  high  carrying  capacity  and  stiffness  of  the 
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Fig. 7. Linear motion system 
 
Other components of the CNC machines are drives. They are 
mechanical  components  that  allow  the  movement  along  the 
spindle axis. The drive system consists in conversion controlled 
rotational motion on linear motion, which is controlled by CNC 
controller.  In  our  case,  the  linear  motion  is  provided  by  ball 
screws with a diameter of 20 mm and 5 mm pitch.  Fig. 8 shows 
the drives and linear rails CNC milling machine.  
 
 
Fig. 8. Drives and linear rails of CNC milling machine 
 
3.4. CNC motors 
 
CNC motors are the heart of any CNC machine. The size and 
type  of  motor  defines  a  CNC  router  precision,  speed,  and 
accuracy. In our CNC milling machine are used stepper motors. 
The  stepper  motor  is  a  special  kind  of  multipole  synchronous 
motor. Stepper motors are used primarily where it is necessary to 
accurately  control  not  only  the  speed  but  also  specific  rotor 
position.  They  are  used  in    precision  mechanics,  regulation 
technologies, robotics, etc. The basic principle of stepper motor 
is: the current passing throught the stator coil creates a magnetic 
field  that  attracts  the  opposite  pole  of  the  magnet  rotor.  The 
engine  is  capable  of  being  upright  in  this  position.  The 
appropriate  combination  of  coil  engagement  creates  a  rotating 
stepper magnetic field, which not only rotates the rotor, but also 
ensures its exact location to the stator. Because of transmission 
effects the speed of rotation is limited. After exceeding of the 
speed the motor stars to lose steps. In our case we have used two-
phase stepper motors from the Klavio Aft Company with torque 
of  1,7  Nm.  In  the stepper  motor  it  is necessary  to 
count with 50% power reserve to avoid losing the steps. We have 
carried out the control of the motor performance power of the 
bolt, which is equal to: 
 
 
 
The  strength  of  the  bolt  is  1067  N,  which  meets  our 
requirement of cutting force.  
As the spindle cutters will be used a three-phase induction 
motor  made  by  Teknomotor  company,  type  3140.  The spindle 
rotation  speed  is  18 000  rpm.  Fig.  9  shows  a  milling  spindle 
installer in a linear bearing in z-axis. Our spindle is shown in Fig. 
10 
 
Fig. 9. Spindle installer in a linear bearing in z-axis 
 
As a tool we have used different kinds of special cutters 
made specially to work with moulding sands. These cutters are 
made with spikes from hard–metal. The plates of hard-metal on 
the spikes tools are convertible.  
 
 
Fig. 10. Spindle Teknomotor 3140 
 
3.5. NC system 
 
The  work  cycle  of  CNC  (Computer  Numeric  Control) 
machines is done automatically, based  on information, which is 
contained  in an appropriate form in the control program (NC 
program).  The  control  system  of  the  machine  automatically 
interprets  this data and converts them into output signals. These 
signals have control over the individual machine components such 
as spindle speed, change tools, movement of the work piece or 
tool designed to track. 
The basis of good communication is coordination between the 
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system. The demonstration of the coordinate system is shown in 
Fig. 11.  
 
 
Fig. 11. Coordinate system used in CAD/CAM and NC machine 
control 
 
As  the  control  program  will  be  used  a  universal  program 
Mach 3 CNC Controller (Fig. 12), which can be used for various 
control electronics. The programme allows a detailed set of data 
required to operate. The programme uses G-code and M-code, 
which is normally used in programming CNC machines.  
 
 
 
   
   
Fig. 12. Display menu Mach 3CNC Controller 
 
 
4. Conclusion 
 
The  most  common  are  CNC  machines  designated  for 
machining technology. The construction of these machines and 
their  management systems  allow  a  relative  movement  between 
tool and work piece normally in three axes, with less modification 
to more. 3D milling is successful method in the production of 3D 
complex shape parts.  
The paper deals with the Patternless Method by milling the 
mould cavity. It shortly describes the proposed structure, linear 
rails,  motors  and  control  system.  The  device  is  in  stage 
production, so the accuracy of this proposal will be verified after 
its fabrication. 
 
 
Acknowledgements 
 
The authors wish to thank European Regional Development 
Fund for received financial support to create present paper within 
execution  of  the  project  "Equipment  for  the  production  of 
prototype parts by casting on a computer-controlled base" with 
ITMS code 26220220047. 
 
 
References 
 
[1]  I.  Ederer,  Patternless  production  of  furan  bonded  sand 
moulds in rapid prototyping, , Augsburg, Technical Forum 
2009. 
[2]  S. Zhongde, X. Li,  L. Feng, Z. Li, Rapid Pattern casting 
technology  on  CNC  manufacturing,  World  Foundry 
Congress, 16-20.10. 2010, Hangzhou, China. 
[3]  Router  Source,  Building  a  hobby  CNC  router,  2007, 
http://www. Cncroutersourc.com/hobby-cnc-router.html. 
[4]  Router source, He gantry design considerations, 2007, http:// 
www.Cncroutersourc.com/do-it-yourself-CNC-router.html. 
[5]  P.  M.  Groover,  Fundamentals  of  Modern  Manufacturing, 
Second Edition. J. Wiley&Sons, Inc., New York, 2002. 
[6]  Router  source,  Selective  a  leadscrew,  2007, 
http://www.cncroutersource.com/cnc-motors. html 
[7]  K.  Řezáč,  Krokové  motory,  2002, 
http://robotika.cz/articles/steppers/cs. 
[8]  R. Tesár, Krokové motory, 2009, http://www.posterus.sk. 
 
 